Synthesis and characterization of N-substituted polyethylene glycol-diblock-polyglutamide (PEG[Glu(DET)] 2 ).
The schematic for the synthesis is presented in (Figure S1 ).
Step one is the synthesis of γ-benzyl L-glutamate N-carboxyanhydride (BLG-NCA) using triphosgene.
Followed by step two, which is the polymerization of BLG-NCA using NH 2 -PEG-NH 2 (M w = 2000) as an initiator. Finally, step three is the replacement of the benzyl sidechain by diethylenetriamine. BLG-NCA are synthesized according to the Fuchs-Farthing method. 1 Briefly, 10 g of BLG (42.5 mmol) is dried under vacuum for 3 h and is mixed with 0.4 equivalence of triphosgene (5 g for BLG). The dried mixture is then suspended in 60 ml of anhydrous THF with stirring at 40C. The entire reaction is performed under an argon atmosphere for at least 4 h. The formation of BLA-NCA and BLG-NCA (1) is indicated by the formation of a clear pale-yellow solution. Then the solution was cooled to room temperature followed by stepwise addition of 150 ml anhydrous hexane. The solution is stored at -20C overnight to facilitate the precipitation of white NCA crystal which is then purified by recrystallization from THF and hexane.
The synthesis of tri-block PBLG copolymers using NH 2 -PEG-NH 2 (2) as initiators is based on a previously described method. 2, 3 The BLG-NCA are polymerized by ring opening initiated by the terminal primary amine groups of NH 2 -PEG-NH 2 ( Figure S1 ). The process starts with freezedrying of the initiator, NH 2 -PEG-NH 2 (0.1 g, 0.05 mmol), from benzene, followed by the addition of 1 ml anhydrous DMF. Freshly prepared BLG-NCA (1.31 g, 5 mmol) is dissolved in 10 ml anhydrous DMF and transferred to the initiator solution. The reactions are carried out at 45C under argon atmosphere for 48 hr. The resulting polymer PEG-(pGlu) 2 (3) ( Figure S1 ) is precipitated in cold diethyl ether then freeze-dried from benzene.
The last step in the synthesis scheme is the replacement of the benzyl sidechain with diethylenetriamine (DET) (4) by the aminolysis reaction ( Figure S1 ). Polymer from (3) is dissolved in anhydrous DMF (100 mg/ml) followed by the addition of DET (20 equivalence of the benzyl repeating unit). The reaction is run at room temperature for 48 hr. Upon completion, the polymer solution is dialyzed against 0.1 M HCl for 24 h, then against 0.01 M HCl for 24 h, and finally against ddH 2 O for 24 h using regenerated cellulose dialysis tubing (MWCO 5000).
The polymer PEG[pGlu(DET)] 2 (5) ( Figure S3 ) is collected by freeze-drying to remove water. Gel retardation assay. The agarose gel retardation assay was performed to assess the electrostatic complexation of the polymer and mRNA at various N/P ratios by following the previously published procedure. 4 Briefly, mRNA and polymer at the different N/P ratios were mixed in RNAse free milliQ water and vortexed (Eppendorf Mixmate, Hauppauge, NY) at 1500 rpm at room temperature for 30 min prior to addition to the 4% NuSieve agarose gel (Lonza, Rockland ME, USA). After complexation, glycerol gel loading dye (Amresco, Solon, OH) was added to samples with the various N/P ratios (0.5, 1, 2, 4 and 8), then 15 μL of sample was loaded onto the gel and ran for 30 min at 100 V (Bio-Rad power supply, Hercules, CA). The free mRNA bands were visualized using an ultraviolet (UV) light imaging system (UVP BioDoc-It
Imaging System, Upland, CA). 
Size and zeta potential measurements
The hydrodynamic size, polydispersity index (PDI) and the zeta potential of the prepared nanoparticles were measured by Malvern ZetaSizer NanoSeries (Malvern Instruments, UK)
according to the manufacturer's instructions. Prior to measurements, 10 L of the prepared nanoparticles were diluted with 900 L of MilliQ water. The intensity of the He−Ne laser (633 nm) was measured at an angle of 173°. All measurements were performed at 25 °C after preequilibration for 2 min, and each parameter was measured in triplicate.
Transmission Electron Microscopy (TEM):
The size and morphology of the synthesized nanoparticles were evaluated using Talos 
